INTRODUCTION
Processed food products utilizing sweet potato flour as a partial substitute of wheat flour have no significant chemical, physical, organoleptic properties as compared to those of wheat flour. Biscuits are well known baked food products with good taste, sweet, and crunchy texture. Biscuits are usually made from wheat flour, sugar and margarine. The price of wheat flour is quite expensive at present; thus, this flour can be substituted with 50-75% of local raw material based-flour such as sweet potato flour.
Processed food products utilizing sweet potato flour have also additional characteristics as a functional food. Awareness on the importance of functional food has started to rise in the early 1980, when many people of the world began to emphasize the choice of foods that can prevent health problems in the elderly, diseases related to lifestyles such as diabetes, heart disease, high blood pressure, hypercholesterolemia, allergies, infectious diseases, and cancer. Food experts intensely socialized the third function of food, in addition to being a source of nutrition and enjoyment. This tertiary function modulates physiological control, known as 'biological regulatory function', in the immune system, glands, nerves, blood circulation, and digestion. The food must contain compounds that can activate this ability. These compounds are called 'functional factors'. Foods that contain a variety of functional factors and are processed for the purpose of providing a specific impact on health care are called 'functional foods' (Arai 2002) .
Functional food is food that uses specific ingredients in its formulation because of its properties; hence, it contains several functional factors, among others is, antioxidant property. An antioxidant can chelate free radicals that attack healthy cells in the human body leading to the development of cancer cells, and generally, endanger human health or cause degenerative diseases, which have not been well cured at the moment (Pietta 2000; Mukherjee and Mitra 2009) .
Flour produced from purple, yellow and white fleshed sweet potato exhibits high antioxidant content as compared to other flour products. The antioxidants include anthocyanin, β-carotene, and other polyphenol compounds. Anthocyanin is known to be one of the groups of natural products found in plants that can act as antioxidants, antimicrobials, photoreceptors, visual attractors, feeding repellants, allergy, antiviral, and anti-inflammatory (Pietta 2000) . Purple-fleshed sweet potato contains anthocyanin around ± 519 mg/100 g weight (Kumalaningsih 2006) . Yellow and white-fleshed sweet potatoes contain Vitamin A of, respectively, 900 IS, and 7700 IS in the form of β-carotene. β-carotene is one of the carotenoids that can produce a higher amount of provitamin A than other types of carotenoids. Provitamin A is very easily absorbed by the digestive tract of the human gastrointestinal tract which is then converted into vitamin A. Vitamin A is an essential nutrient that cannot be produced by the human body and is needed in limited quantities. Vitamin A provides health benefits, i.e., in the process of vision, growth, and reproduction, and also protecting cells and tissues from the damaging effects of free radicals, which can lead to degenerative diseases (Mukherjee and Mitra 2009) . Vitamin A deficiency can cause fetal development abnormalities, anemia, weak immune function, rusting of the respiratory tract, and digestive tract, urinary tract, skin, and eye epithelium disorders (Mahan and Stump 2004) .
Inappropriate implementation of sequestration technology and processing of functional food products and packaging and storage of the products can lead to reduced quantity and quality of antioxidants found in sweet potatoes. Processing of purple-fleshed sweet potato will affect the anthocyanin level; for instance, 10-30% of anthocyanin damage did occur in the Ayamurasaki purplefleshed sweet potato varieties as a result of frying and steaming (Widjanarko 2008) .
MATERIALS AND METHODS
Fresh purple, yellow and white fleshed sweet potatoes were taken from Tena Teke Village, Wewewa Selatan Subdistrict, Sumba Barat Daya District, East Nusa Tenggara, Indonesia. Production of sweet potato flour and biscuit was carried out at Agricultural Post Harvest and Processing Laboratory, Faculty of Agriculture, Universitas Nusa Cendana, Kupang, Indonesia. Meanwhile, the chemical analysis of biscuits was carried out at the Pratama ChemMix Laboratory, Yogyakarta, Indonesia.
The production process of purple, yellow and white fleshed sweet potato-based flour Sweet potato tubers collected in Sumba Barat Daya District were then processed into sweet potato flour following the stages as presented in the flow-chart ( Figure  1 ) while ingredients used in the production of biscuits are listed in Table 1 . Steps of production processes of biscuits from sweet potato flour are presented in Figure 2 .
Mixing of raw materials was carried out using the following steps: (i) The margarine was mixed with fine sugar using a mixer for two minutes until it turns white, (ii) Egg yolk was poured and mixed thoroughly with the above mixture (step 1), (iii) The flour was slowly poured and mixed with other materials then the mixture was squeeze well to produce elastic dough, (iv) The dough was flatenned by using a wood roll tool to the same thickness. The dough was then printed using a biscuit mold and a hole was put on the top of the mold using a fork. The dough was then roasted in a moderate heating for 10 minutes, (v) The biscuits were taken out from the oven and then cooled first to release the hot steam prior to packaging, (vi) Packaging: cooled biscuits were immediately packed using small stops or thick plastic to keep them remain crispy for an extended time and to maintain long-term shape.
Analysis of anthocyanin content and antioxidant activity Extraction
Extraction of the sweet potato flour was based on the method developed by Lee et al. (1998) . Five grams of sweet potato flour were extracted five times each using 10 mL of 15% acetic acid in methanol for 30 minutes. The extraction was carried out using a shaker. The combined extract was then centrifuged at 12000 x g for 10 minutes at room temperature. The supernatant was evaporated under vacuum at 40°C to make it dry. This dry extract was then dissolved in 25 mL methanol for further analysis.
Total anthocyanin measurement
Total anthocyanin measurement of the sweet potato flour was based on the method developed by Prior et al. (1998) and Giusti and Wroistad (2000) : 0.05 mL sample was put into 2 test tubes. The first test tube was added with 4.95 mL potassium chloride (0.025 M) buffer (pH 1.0) and the second test tube was added with 4.95 mL sodium acetate (0.4 M) buffer (pH 4.5). The pH of potassium chloride and sodium acetate buffers was adjusted using concentrated HCl. The two buffer solutions were kept at room temperature for 15 minutes, and the absorbance of the two were measured by using a spectrophotometer at a wavelength of 520 nm and 700 nm. The absorbance value was calculated using the formula A = (A520-A700) pH 1-(A520-A700) pH 4.5. Anthocyanin concentration was calculated as cyanidin-3-glycoside using a molar extraction coefficient of 29 600 L/cm and a molecular weight of 448.8. Anthocyanin concentration (mg/mL) = (A x BM x FP x 1000)/(E x 1), where A is absorbance, BM is molecular weight (448.8). FP is a diluent factor (5 mL/0.05 mL), and E is an extra molar coefficient (29 600 L/cm). (iii) Measurement of antioxidant activity (Zambiazi et al. 2016) . The DPPH radical scavenging activity (antioxidant activity) was determined by using the method described by Zambiazi et al. (2016) with some modifications. The extract solution was prepared by dissolving the extract at concentrations of 25, 50, 100, 200, 400, 800 and 1000 ppm in chloroform: methanol (2: 1). The extracts solution (4 mL) in chloroform: methanol (2: 1) was mixed with 1 mL of DPPH (1,1-diphenyl-2-picrylhydrazyl) solution 0.2 mM in methanol. The mixture was reacted or allowed to stand for 30 minutes before the absorbance showed an increase in DPPH radical capture ability. Uptake was measured by a UV-Vis spectrophotometer at a wavelength of 514 nm. The DPPH radical scavenging activity as a percentage was then calculated as:
Analysis of sweet potato flour biscuits: Anthocyanin, β-carotene and antioxidant activity Chloroform was washed using water in the same or 2-3 times volume, and then the water was released by using anhydrous potassium carbonate. Distillation was carried out, and a small amount (about 10%) of initial distillate was removed. The antimony trichloride solution formed was washed with pure chloroform (water free) until it looked clear. The blank solution was prepared by evenly mixing 4 mL of antimony trichloride reagent and one mL of chloroform. 0.5 mL of the sample solution was then mix with 2 mL of antimony trichloride reagent. Absorbance of the solution was determined by using a spectrophotometer at a wavelength of 620 nm. Vitamin A content was determined based on the standard curve (concentration of vitamin A acetate 0-15 mg/mL).
RESULTS AND DISCUSSION
The levels of Anthocyanin, β-carotene, free radical scavenging activity of sweet potato flour-based biscuits
There was a substantial difference in the effect of antioxidant content and free radical scavenging capacity of the various treatments of biscuits produced from purple, yellow, and white fleshed sweet potato. The free radical scavenging activity of the treatments of sweet potato flourbased biscuits varied considerably as compared to that of sweet potato flour alone ( Table 2) .
Roasting of sweet potato flour-based biscuits at a temperature of 150-160° C for 20-30 minutes tended to cause a decrease in the level of their anthocyanin contents as compared to that of the purple sweet potato flour alone. Table 2 shows a tendency of reduction of anthocyanin due to high-temperature roasting during the biscuits production processes. Anthocyanin level in biscuit products decreased from 229.03 ppm (sweet potato flour alone) to, respectively, 95.05 ppm in treatment A1 (58.50%) and 85.20 ppm in treatment A2 (62.80%). The decrease in anthocyanin levels was, presumably, caused by roasting in an oven or heating at a high temperature of 150° C for 20-30 minutes as extended exposure in high temperature can cause degradation of anthocyanin. This is supported by Abidin et al. (2016) who found that steaming with hot steam from boiling water for one hour in the manufacture of steamed bolu under treatment of 90 %purple sweet potato flour from Kupang District + 10% wheat flour formula produced an anthocyanin level of 19.11 ppm. Additionally, Sari et al. (2005) found that heating at 100° C for 4 hours could reduce the anthocyanin level of up to 80%. Amr & Al-Tamimi (2007) found that 42% and 48% of Ranunculus asiaticus anthocyanins were lost after 7 hours of storage at 50 °C and 80 °C, respectively.
Antioxidant activity in purple sweet potato biscuit products decreased from 87.65% (purple sweet potato flour alone) to, respectively, 60.59% in treatment A1 (27.06%) and 61.67% in treatment A2 (25.98%). The decrease in antioxidant activity was, presumably, caused by the decline in anthocyanin levels. Tensiska et al. (2003) found that heating up to 175°C in an aqueous system for 2 hours reduced the activity of up to 17.4%.
Additionally, in their study on osmo-dehydrated blueberries, Giovanelli et al. (2013) reported 50% losses in antioxidant activity after processing. The lost was higher than that reported in the determined total anthocyanin and flavonoid contents. Contrastingly, the current study results showed that the most significant losses occurred in the phenolic compounds, flavonoids, and anthocyanins. According to Xiu-Li et al. (2015) , the presence of hydroxyl groups in the anthocyanins molecule may contribute to the color instability caused by heating. Besides, the ringopening and degradation of anthocyanins were found to be the main factors responsible for the color change at high temperature. Many studies indicated that the color stability of anthocyanins decreased during storage as temperature rises. The content of β-carotene of biscuit products increased significantly except for biscuits produced from yellow-fleshed sweet potato flour with a tendency to decrease in their β-carotene levels. The antioxidant activity of biscuits also tended to , although not significant ( Figures  3 and 4) . pspf: purple sweet potato flour, yspf: yellow sweet potato flour, and wspf: white sweet potato flour; -: unreadable tool A1= 50% purple sweet potato flour + 50% wheat flour A2= 75% purple sweet potato flour + 25% wheat flour B1= 50% yellow sweet potato flour + 50% wheat flour B2= 75% yellow sweet potato flour + 25% wheat flour C1= 50% wheat sweet potato flour + 50% wheat flour C2= 75% wheat sweet potato flour + 25% wheat flour A1= 50% purple sweet potato flour + 50% wheat flour A2= 75% purple sweet potato flour + 25% wheat flour B1= 50% yellow sweet potato flour + 50% wheat flour B2= 75% yellow sweet potato flour + 25% wheat flour C1= 50% wheat sweet potato flour + 50% wheat flour C2= 75% wheat sweet potato flour + 25% wheat flour It is demonstrated in Figure 3 that β-carotene levels significantly increased in biscuits produced from purple and white fleshed sweet potato flour as compared to that of plain purple and white fleshed sweet potato flour alone (31 µg/100 g and 16.17 µg/100 g). The increase of β-carotene levels was caused not only by additional β-carotene from sweet potato flour but also from the use of blueband butter in biscuit formulas. Butter contains natural antioxidants in the form of beta carotene of 30% (PT Unilever Indonesia 2018). β-carotene levels in biscuits produced from yellowfleshed sweet potato tended to decrease from 26670.37 µg/100 g (yellow sweet potato flour alone) to, respectively, 9670.82 µg/100 g in treatment B1 and 10190.44 µg/100 g in treatment B2. Biscuit products produced from yellowfleshed sweet potato flour experienced a decreased in β-carotene levels as the carotene was degraded by heating during roasting in the oven. Beta carotene level in yellowfleshed sweet potato flour-based biscuits was 40-47 times higher than that of purple and white fleshed sweet potato flour biscuits. Thus, yellow-fleshed sweet potato flour can be used as one of the functional food ingredients. Yellow sweet potato contains a high β-carotene level. About 89% of total carotene in yellow sweet potatoes is in the form of β-carotene, 96.7% of which is dominated by the trans-β-carotene form (Sweeney and Marsh 1970; Woolfe 1992) .
Additionally, Kurniawati and Ayustiningwarno (2012) , β-carotene content can be reduced and damaged due to processing. The existence of a double bond structure in β-carotene causes β-carotene to be easily oxidized when exposed to air (O2). Erawati (2006) found that the oxidation process will take place more quickly in the presence of light, metal catalysts, and heating processes at high temperatures. This can result in a change in the trans-β-carotene structure to cis-β-carotene, where it has a lower provitamin A activity. Also, Lisia (2001) found that the content of β-carotene in yellow sweet potato flour was also reduced because of processing in bread making. Furthermore, the author (Yusianti and Hariyadi 2001) also found that yellow sweet potato flour bread showed a decrease of β-carotene by 68.5% during roasting in an oven at ± 160° C for 15 minutes. The level of the reduction will be higher with increasing temperature and roasting time.
Vitamin A is an essential nutrient that cannot be produced by the human body alone and is needed in limited quantities. Vitamin A possesses health benefits, i.e., in the process of vision, growth, reproduction and protecting cells and tissues from the effects of damaging free radicals leading to degenerative diseases (Mukherjee and Mitra 2009) .
Vitamin A deficiency may lead to fetal development abnormalities, anemia, weak immune function, rusting of the respiratory tract, and digestive tract, urinary tract, skin, and eye epithelium disorders (Mahan and Stump 2004) . The effect of vitamin A deficiency is not detrimental at the beginning, but the untreated patient may suffer dusk blindness (xerophthalmia), where the sufferer is unable to see in the gloomy light. If this disease continues, it will cause the cornea to turn yellow, and a pattern appears on the cornea, which may cause the patient to suffer permanent blindness. Vitamin A deficiency in children may cause measles, respiratory infections, and diarrhea. The primary cause of vitamin A deficiency is a low intake of vitamin A-containing nutrients or vitamin A precursors that may not suffice the needs of vitamin A in certain physiological and pathological conditions. Frequent suffering of diarrhea may also lead to low absorption of vitamin A.
It is depicted in Figure 4 that antioxidant activity or DPPH free radical scavenging activity of sweet potatobased biscuit products was high, ranging from 46.47-61.57%. The free radicals scavenging activity in both products was generally higher than that of black rice from Ende, which ranged from 46.06-53.43% (Lalel et al. 2009 ). The free radical scavenging activity is the most essential factor possessed by functional food. Free radicals come from various sources such as pollutants or waste from the surrounding environment, food processing byproducts and motor vehicle and industrial pollution. These free radicals are very reactive to attack the molecules contained in the cell system, causing damage that cannot be repaired by the cells. Reactive oxygen species (ROS) damages lipids, proteins, enzymes, carbohydrates, and DNA in cell membranes leading to aging, heart disease, and cancer (Pietta 2000) .
Sweet potato flour-based biscuits products are also considered functional foods as they contain functional factors. Antioxidant compounds in the form of anthocyanin and vitamin A contained in both products possesses characters of chelating and preventing the effect of free radicals in the human body. Oxidation reactions are essential chemical reactions that occur in the human body. The problem will arise from oxidation if the electron flow becomes unpaired resulting in free radicals including ROS such as superoxide (O2*), peroxide (ROO*), alkoxyl (RO*), hydroxyl (HO*) and nitric oxide (NO*). The very short half-life of free radicals such as hydroxyl (10-9 seconds) and alkoxyl (a few seconds) cause them very reactive and rapidly attack molecules in nearby cells leading to un-repaired damage in the cell system. ROS can even be very damaging as it can attack lipids in cell membranes, tissue proteins or enzymes, carbohydrates, and DNA, causing damage to cell membranes, enzymes, and DNA. This oxidative reaction has been considered to play a role in the aging process, and various degenerative diseases such as heart attacks, cataracts, cognitive abilities dysfunction, and cancer (Pietta 2000) .
β-carotene is an antioxidant, a provitamin A that is converted into vitamin A in the human body. It is highly beneficial for growth, maintenance of body tissues and vision, reproduction, fetal development, and reducing the risk of cancer and liver disease (Keller 2001) .
To conclude, purple, yellow, and white fleshed sweet potato flour-based biscuits can be consumed as a functional food. Biscuits produced from purple fleshed sweet potato contained 95.05 ppm anthocyanin, 1881.61 µg/100g β-carotene and high free radical scavenging activity (61.57%). Yellow fleshed sweet potato flour-based biscuits contained the highest β-carotene content (10190.44 µg/100 g) and free radicals scavenging ability of 56.69%.
